In this study, the adsorptive capacity of the synthetic Indion 225Na cation exchange resin was evaluated for the removal of different ions species from Oil Refining Company wastewater. Batch studies were performed to evaluate the effects of various experimental parameters by such as pH, contact time, temperature, resin and initial concentrations on the removal ion species. The Indion resin was characterized using FT-IR spectroscopy and scanning electron microscopy were used to analyse the resin. The adsorption kinetics were fitted by the pseudo-first-order, pseudo-second-order kinetic equations and intra-particle diffusion model. The thermodynamic parameters, sticking probability and activation energy of the removal processes were also evaluated. Based on these results, the synthetic Indion 225Na resin could be applied for treatment of industrial effluents which are rich in inorganic pollutants.
INTRODUCTION
The pollution of water by metal ions has attracted increasing major attention due to their importance in industrial processes and their potential toxicity towards humans and in the aquatic environment. All crude oils, especially petroleum samples contain several inorganic components. Several metal ions traces have found by one of two forms in the petroleum oils. Either as an organometallic porphyrin related to the organic material or as a nonporphyrin metal which existe in the resin or asphaltic fraction of the oil [1] . Thus, ion exchange technique is a mature, well which easy to regenerate beneficial effect, for treating hazardous effluent and recovery this contamination. Ion exchange technique is highly effective with low-cost materials, efficient, as well as easy to operate among physicochemical treatment processes [2] . Mesoporous silica is similar to the adsorption process by which was demonstrated by researchers [3] and graphene oxide [4] . Recently, ion exchange technology has been applied to treat various pollutants from wastewater [5] .
The aim of this work is to develop a batch process for the removal of different ions already presented in the Oil Refining Company and recovering the valuable ions by regeneration of ion exchange resin. The resin adsorption kinetics and thermodynamic parameters were evaluated and discussed for Indion 225Na resin. To ensure its applicability to the industrial ions in wastewater, we have to study the effects of pH, resin dose, temperature and ion initial concentration.
EXPERIMENTAL

Chemicals
All chemicals/reagents used in this study were purchased from Sigma-Aldrich and Fisher scientific. All chemicals were used without further purification. The Indion 225Na resin was provided by ion exchange (India) Limited. Before use, the Indion resin was washed by distilled water to clean the surface and then dried at 60 °C. After drying, the resin was used for adsorption study.
Characterization studies
Fourier Transforms Infrared Spectrometer (FTIR), Mobile IR -Portable FT-IR, Manufacturer by Bruker Optik GmbH was used. The FTIR spectra (400 -4000 cm -1 ) measured at room temperature was used to investigate any observed changes of the synthetic resin with Indion 225Na, and these included new peaks, intensity variations of A.A. SWELAM, et al. peaks originally present and wavelength shifts. A Scanning Electron Microscope (SEM) with Energy-Dispersive X-ray Spectrometer (EDX), High-vacuum 200V -30Kv up to 2μAcontinuously adjustable 3.0nm at 30kV (SE) 10nm at 3kV (SE) 4.0nm at 30kV (BSE) Lowvacuum 3.0nm at 30kV (SE) 4.0nm at 30kV (BSE) < 12nm at 3kV (SE) was used to obtain an image of the resin before and after loading of metal hydroxides. EDX detector which was attached to the SEM system was used to investigate the distribution of ions lines of the prepared resins before and after adsorption. Agilent technology model 7700 series ICP-MS its provide unparalleled accuracy in highmatrix samples, redefining cell performance in helium mode with a revolutionary 3rd generation cell design made in Germany. The Dionex ICS-3000 Ion Chromatography. Dionex Corporation is an American Company. WTW Thermoreactor CR 3200 for COD Germany. Analytik Jena Multi N/C 2100 S TOC TNb Total Organic Carbon Analyzer (TOC) Germany
Wastewater samples
The wastewater samples were used to evaluate the removal efficiency of the Indion resin for the pollutant ions. The wastewater samples were collected from oil refining Company Mostorod, Kaliobeya Governorate. All the samples solutions were homogeneously mixed using a Magnetic stirrer provided with heating a hot plate (models MSH) for 3 h. The data of the wastewater analysisare listed in Table 1 .
Adsorption procedure
The optimization of adsorption parameters was performed by mixing 0.25 g of the Indion resin with 25 mL solutions containing a mixture of metal and nonmetal ions at 24 0 C and which agitated at 100 rpm in the shaker at different time intervals. After a certain time intervals, the concentration of the ions in the supernatant was measured using AAS. The adsorbate amount at equilibrium can be evaluated by relationship: (1) and the removal percentage yield (R %) was calculated as follows:
where C0 and Ce are the initial and the equilibrium concentrations of the ion (mg/l), respectively, V is the volume of the solution (ml), and W is the mass of adsorbent (g). All the experiments were run three times, and the reported values represent the averages.
RESULTS AND DISCUSSION
Characterization studies
Scanning electron microscope (SEM) imaging was used to investigate the morphology of the Indion 225Na resin. Representative images of the resin before and after ions-loaded are shown in Figs. 1 and 2, respectively. The particle size of the Indion resin used is within the range 265.20-1691.13 μm while the average particle size is 449.99. μm. The surface morphology of the Indion resin before its loading by the regarded ions where SEM-EDX spectrum revealed the presence of the elements C, O, S and Na. Fig.1 shows spherical particles of smooth surface. which is a characteristic feature smooth expansion, when it is subjected to expanded bed adsorption. Fig. 2 shows a change of the surface morphology of the resin after its loading by some ions into the wastewater where SEM-EDX confirmed the presence of elements (Co, K, As and Ca) in the loaded resin that, some ions were adsorbed onto the surface of the resin.
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FTIR spectra of Indion ion-exchange resin before and after the adsorption process are presented in Fig.3A and, B. The absorption bands at ~ 2925, 1495, 1035 and 670 cm −1 are aroused due to the symmetric and asymmetric vibrations of C-H, C-C, S-O and C-S existed in Indion resin [6] . Band at 1411 cm −1 is due to SO3asymmetric and sharp peaks at 1007 and 1035/cm is due to SO3 symmetric stretching. The peaks at 1411-1634 cm −1 are due to deformation and skeletal vibrations of C-H bond in divinylbenzene. Two significant changes are observed in FTIR spectrum of the Indion resin after the adsorption of the ions from wastewater. The peak at 2110 cm −1 is disappeared after the adsorption process and new peaks appear at 1638 cm −1 , 1525 cm −1 and 1635 cm −1 due to the C=O group vibrations [7] . The absorption band at 1125 cm −1 in FTIR spectrum of Indion ion-exchange resin is also shifted to 1122 cm −1 because of the high electron density which is induced via an electrostatic interaction after adsorption of the ions from the wastewater. However the other functional groups remained intact during the adsorption process [7, 8] . 
Effect of the resin dose
The dosage effect of the Indion 225Na resin on the percentage of metal and nonmetal ions removed from wastewater was studied using ion concentrations of the mother raw solution (ppm) ( Table 2 ) which revealed that the removal efficiencies of the metal ions increased gradually with increasing amounts of the resin and this increase in % adsorption may be attributed to the fact that the more adsorbent dose the greater surface area or the more is adsorption sites for the ions [9] .
Effect of competition
Water contaminated are frequently more than just one metal and nonmetal ion, as coexist ions and compete for binding to different ligands in the environment. Hence we have to study the competitive adsorption of the different ions which indeed exist in the wastewater of the petroleum factory onto the Indion resin. Although the ions under study are of different valences, each of them interacts with the surface functional groups of the resin in different ways with different capacities. The results obtained in this work using Indion 225Na-form with the Sulphonic acid functional groups indicated that. The selectivity % of the resin for the different ions follows the order:
Moreover, the selectivity of the resin can be also analysed via structural characteristics of metal ions: the electrical load (charge), crystallographic ionic radii, van der Waals or covalent radii, ionization energy and electronegativity on Pauling scale, as well as the characteristics of functional groups of the resin, on the other hand [10] .
There is a poor understanding of the order of binding of the ions by solid adsorbents like Indion cation exchange resin. Stafiej and Pyrzynska [11] studied the adsorption characteristics of certain divalent metal ions (i.e.,Cu, Co, Cd, Zn, Mn, and Pb) by MWCNTs and found that the affinity of metal ions for MWCNTs followed the order Cu(II) > Pb(II) > Co(II) > Zn(II) > Mn(II). Meanwhile, Li et al. [12] studied the competitive adsorption of Pb(II), Cu(II) and Cd(II) ions by oxidized MWCNTs and found that the adsorption capacities of MWCNTs for the three metal ions were in the order Pb(II) > Cu(II) > Cd(II). In the present study, it was observed that binding to both MWCNTs followed the order Cu(II) > Pb(II) ≈ Zn(II) > Cd(II) for % adsorption.
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Unfortunately, there is no consensus in the competitive adsorption of the ions, as researchers have attributed their different affinities to different factors. These factors are related to the properties of these ions in aqueous solution and could affect surface binding and interaction energies or the accessibility of surface centers, which can be linked to the size of the species adsorbed. Although Pb(II) and Cd(II) have the largest radii (1.33 Å and 0.97 Å, respectively), they show lower adsorption than Zn(II), which have smaller ionic radii (0.72 Å). Thus, the smaller the ionic radius, the easier it is for a metal ion to penetrate through the boundary layer and adsorb onto the resin surface. Electronegativity (Pauling) is listed in the following order: Pb(II) > Cu(II) > Cd(II) > Zn(II) (i.e., 2.33, 1.90, 1.69, and 1.65, respectively). This order does not agree well with the experimental affinities for binding and adsorption by the resin. The high adsorption and binding of Cu(II) to the resin compared with other ions (As(III), V(III), Se(III), Cr(III), K(I) and Ag(I)) can be explained. Because Cu(II) is predominantly specifically adsorbed (innersphere complexation), increasing the amount of more strongly bonded Cu is expected to reduce the number of sites available for other ions adsorption. Furthermore, Cu(II) is stabilized by the Jahn-Teller effect. The d 9 electronic configuration of this ion provides three electrons with two degenerate eg orbitals and six electrons to the t2g, leading to a doubly degenerate electronic ground state and a large energetic stabilization. A similar effect was observed in a multi-component system, where an increase in the Cu concentration resulted in a reduction of the uptake of other heavy metals [13] . Additionally, it was reported that high copper adsorption was caused by its ability to be reduced by the resin surface. Therefore, Cu(II) ions in close proximity to the resin surfaces are reduced after being attracted to cation exchange centers on the resin surfaces. The copper ions then vacate the cation exchange site for the adsorption of other ions [14] . Conversely, the lower adsorption of Ag(I) might be due to its lower tendency to form hydrolysis products and the fact that its ions do not compete effectively for variable charge surfaces, such as Indion resin. As a result, its adsorption is restricted to permanently charged sites [15] .
Kinetic modeling
In order to investigate the mechanism and to determine the rate controlling step of adsorption of pollutants species on the Indion resin, kinetic models were used. The rate constants were calculated by using pseudofirst-order and pseudo-second-order kinetic models while the rate controlling step was determined by intra-particle diffusion model.
Pseudo-first-order model
Pseudo-first-order model generally expressed as follows [16] :
where and are the amount of metal sorbed per unit weight of the sorbent at equilibrium and at any time t, respectively (mg/g) and
is the rate constant of pseudofirst order sorption (min −1 ). After integration and applying boundary conditions, for , , the integrated form of Eq. The values of rate constant and equilibrium capacity ( can be obtained from the slope and intercept, respectively by plotting log (qe − qt) against time 24 0 C, 35 0 C and 50 0 C.
Pseudo-second-order rate model
Pseudo-second-order rate model [17] is given as follows:
where is the rate constant of pseudo-second order sorption , is the amount of sorbate at equilibrium (mg/g) and
is the amount of sorbate on the surface of the resin surface at any time (mg/g). 
The values of k2 can be determined from the plot of t/q versus t, furthermore, the initial rate of adsorption (h) (mg/g min), when t → 0, can also be calculated by using following formula: Table 3 provides the pseudo-first-order rate constant k1 and pseudo-second-order rate constant k2, calculated equilibrium adsorption capacity qe (cal) and experimental equilibrium adsorption capacity qe (exp) for all the ions at different initial metal ion concentrations (mg/L). The qe(cal) values of the pseudo-firstorder kinetic model disagree with those of experimental qe (exp). However, for the pseudosecond-order kinetic model the calculated qe(cal) agree well with qe(expl) for all the ions. Further, the values of correlation coefficients (R 2 ) of pseudo-first-order model were slightly lower than those of pseudo-second-order model indicating that the pseudo-second-order model [18] well fitted than pseudo-first-order model. The initial adsorption rate (h) for Ag, Co, Cu, Zn, Al, Sb, Se and V ionic species were 0.0645, 0.0015, 0.0986, 0.1693, 0.2026, 746.2687, 0.0462 and 0.0081 mg/g min, respectively, indicating the highest adsorption rate of these ions on to the Indion resin. On the other hand, the correlation coefficients (R 2 ) values of pseudo-first-order model were higher than pseudo-second-order model indicating that the pseudo-first-order model is well fitted than pseudo-second-order model (K, Ba, Ca, Cd, Co, Mg, Mn, Pb, As, Cr, Fe, Mo and Se species).
Intra-particle diffusion model (Waber-Morris model)
The overall reaction for the adsorption of the different ions is a pseudo-second-order and pseudo-first order reactions. However, this could not kinetically follows on the ratelimiting step. The rate-limiting step may be either the boundary layer (external film) or the intra-particle (pore) diffusion of ion on the Indion resin surface from bulk of the solution in a batch process. The probability of the intraparticle diffusion was explored using Weber and Morries equation [19] .
where qt is adsorption capacity at any time t and ki is the intra-particle diffusion rate constant (mg/g min ½ ) and C (mg/g) is the film thickness. Greater the value of C greater is the effect of boundary layer on adsorption process. If the rate limiting step be the intra-particle diffusion, the plot of qt against the t 1/2 should be a straight line and pass through the origin. The deviation of the plot from the linearity indicates the rate-limiting step should be boundary layer (film) diffusion controlled [9] . The intraparticle diffusion model parameters for adsorption of the ion species onto the resin at 24, 35 and 50 0 C were calculated and listed in Table 3 .
Effect of temperature
To study the effect of temperature parameter on the uptake of the ion species by the resin, temperatures of 24, 35 and 50 °C were selected. Hence, the uptake % of the various ions by the Indion resin are reported in Table 4 indicates that the adsorption of ion species on the Indion resin is endothermic [20] . Besides, the removal of Ni(II) by the Indion resin did not change significantly due to adsorption attained 100%.
Thermodynamic parameters
The thermodynamic parameters of the various ions presented in the wastewater were calculated at 24 0 C, 35 0 C and 50 0 C are presented in Tables 5 a and b. The obtained sorption data were used to calculate the thermodynamic parameters. The Gibbs free energy change, (kJ/mol) was calculated from the following equation;
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The van't Hoff isochore equation [10] :
The values of and were obtained from the slope and intercept respectively, of the plot of vs. .
Equilibrium constant (Kc) was calculated using the following equation:
where C1 (mg/l) is the amount of the metal ions adsorbed per unit mass of the magnetic ferric oxide nanoparticles and C2 (mg/l) is the concentration of the metal ions in aqueous phase.
The negative values of ∆G 0 of Ag, Ba, Ca, Mn, Pb, Mn, Zn, Fe, Mo and Sb, indicate that the adsorption is thermodynamically feasible and spontaneous with great preference of ions for the resin surface of at 24 0 C, 35 0 C and 50 0 C studied herein whereas the ∆G 0 values of Cd, As and Se species were positive at 24 and 35 0 C while the negative value was observed at 50 0 C. An opposite trend was observed for K, Co, Cu, Al, Cr, and V species where non-spontaneous nature of adsorption process of these ions is detected. The positive values of ΔH 0 indicate that the adsorption process is endothermic and the binding between the ionic species and the Indion resin is strong. Moreover, the magnitude of ΔH 0 can provide information about adsorption which belongs to physisosorption (2.1-20.9 kJ/mol) or chemisorption (80-200 kJ/Mol) [22] .. ΔS 0 is a measure of randomness in the system. The positive value indicates that affinity of Ag, K Ba, Ca, Cd, Co, Cu, Mg, Mn, Pb, Al, Cr, Fe, Mo, V, As, Sb and Se for the sorption sites is high, and randomness at the solid/solution interface increases during the adsorption process. The negative values of ΔS 0 reflect the reduction of randomness of the adsorption system. For Zn sorption on the Indion 225Na resin the value of ΔS 0 is equals to -0.1043 and corresponds to a decrease in a freedom degree of the adsorbed species.
In order to further support the assertion that the adsorption is the predominant mechanism, the values of the activation energy (Ea) and sticking probability (S*) were estimated from the experimental data. They were calculated using a modified Arrhenius type equation [23] related to surface coverage as expressed in equations (12, 13) :
The apparent activation energy (Ea) and the sticking probability (S*) are estimated from the plot (Fig. not shown) . The sticking probability, S*, is a function of the adsorbate/adsorbent system under consideration and depends on the temperature of the system. The parameter S* indicates the measure of the potential of an adsorbate to remain on the adsorbent indefinitely cited in Table 5a and b. The effect of temperature on the sticking probability was evaluated at 24 0 C, 35 0 C and 50 0 c by calculating the surface coverage. Table 5a and b, also indicated that the values of S* ≤ 1. Hence the sticking probability of the Ag, K, Ca, Co,Cu, Mg, Pb, As, Cr, Fe, Sb and V onto the adsorbent system is very high. While the 90 REMOVAL OF SOME TOXIC IONS FROM INDUSTRIAL WASTEWATER … sticking probability of the Ba, Cd, Mn, Zn, Al, Mo and Se species was > 1. This means that the adsorbent system is low. According to Arrhenius equation, activation energy of the adsorption KJ/Mol) can be calculated using the above equation (13) . The magnitude of activation energy gives an idea about the type of adsorption which is mainly physical or chemical.
Low activation energies (<40 kJ mol −1 ) are characteristics for physical adsorption, while higher activation energies (>40 kJ mol −1 ) suggest chemical adsorption [24] .
The calculated Ea for the adsorption of Ba, Cd, Al and Se ions on to the Indion 225Na resin values, indicate the chemical adsorption process of these adsorbates on the Indion resin. The positive value of the apparent activation energy Ea also indicates that the lower solution temperature favours the adsorption process. Whereas, the calculated Ea values (KJ/Mol) for the adsorption of Ag, K, Ca, Co, Cu, Mg,Mn, Pb, Zn, Al, As, Cr, Fe, Mo, Sb, Se and V ions on the adsorbent sample kJ/mol, indicated the physical adsorption process of these adsorbates on the Indion resin. 
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